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Abstract 

Chiral superfields with multiple dotted Lorentz spinor indices ('dotspinors') are im- 
portant in the analysis of supersymmetry breaking through the mechanisms of Cybersusy. 
This paper describes the actions for massive dotspinors coupled to supersymmetric gauge 
theory and to chiral matter. It analyzes the free equations of motion and mass spectra 
for the case of unbroken supersymmetry. The general form of the Cybersusy algebra for 
dotsupers with multiple indices is also discussed briefly. 

1 Introduction 

1.1 Dotspinors 

In many ways the chiral dotted spinor superfields are natural generalizations 
of the well known chiral scalar superfield. In this paper we shall sometimes 
use the word 'dotspinors' to mean 'chiral dotted spinor superfields'. 

These dotspinors are of two kinds: dotsupers and dotpseudos. The term 
'dotsupers' will be used to designate dotspinors which do not contain Zinn- 
Justin fields. The term 'dotpseudos' will be used to designate dotspinors 
which do contain Zinn- Justin fields. 

There are two series of dotspinors, and this is true for both dotsupers and 
dotpseudos. The first series of dotspinors contains the bosonic dotspinors 
A(av~a<i n ) with integer spin n = 0, 1, 2 • • •. The second series of dotspinors 
contains the fermionic dotspinors £>(di-d 2 n+i) with half integer spin 2n±± = 

13 5 
2' 2' 2' ' ' 

The bosonic chiral superfield A(d 1 ...d 2n ) * s symmetric under any permuta- 
tion of its 2n indices (di • • • 6(2n) ■ It satisfies the chiral constraint equation: 

DfrA {&1 ... &2n) = 0,n = 0,1,-- • (1) 
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The well-known chiral scalar superfield A is the n=0 version of (1). It has no 
dotted index at all. Chiral scalar superfields A 1 are used to make the matter 
fields, such as the quarks and leptons, in models like the Supersymmetric 
Standard Model ('SSM'). The fermionic chiral superfields £'(d 1 ---d 2n+1 ) are 
also symmetric under any permutation of their 2n+l indices (di • • • cbn+i)- 
They also satisfy the chiral constraint equations: 

^/Adi-d 2n+ i) = 0,n = 0,l,--- (2) 



1.2 Components for dotsupers 

Because the dotspinors are chiral, they have a simple expansion in terms of 
components: 

Aa 1 ...a 2n (x) — Aa 1 --a 2n (y) 

+0>a,d 1 ...d 2 „(y) + ld-0F &1 ... &an (x) (3) 



&ai—a2n+i( X ) ~ d 2n +i \V) 

+e a W aAl ...* 2n+1 (y) + ^-M dl ... d2n+1 (x) (4) 

The super derivatives are: D a = + \d a ^9 and D A = + \d^cfi^ ■ Here 
the chiral translated spacetime variable is y a/ j = x a/ j + \0 a 0^. It satisfies 

A*y Q/ 3 = o (5) 

This is a simple extension of the results in such standard works as [7] 
[8] [9] [10]. 



1.3 A little about Cybersusy 

The chiral dotted spinor superfields with n ^ have largely been ignored 
during the development of supersymmetric quantum field theory. This is 
understandable, because these superfields generally describe higher spin su- 
permultiplets without any gauge invariance. However, these dotsuper mul- 
tiplets (for all n), play an important role in the BRS cohomology analysis 
of composite operators in models like the supersymmetric standard model. 
In that context, they are crucial for the analysis of supersymmetry break- 
ing through the mechanisms of Cybersusy 1 [1][2][3][4][5]. These dotspinors 

lr This series of five papers needs to be revised along the lines described briefly in [6]. Essentially the problem is 
that the SSM breaks only the right half of the supersymmetry, and this was not noticed in these five papers. Both 
halves probably need to be broken to generate a breaking which is consistent with experiment. The resolution of this 
issue probably requires a model which changes the SSM somehow, ft is not presently known whether such a model 
exists. A little more discussion of this problem can be found in section 5.3 below. 
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may also be relevant to the description of the higher spin supersymmetry 
multiplets of the four dimensional superstring. 

Cybersusy is based on an observation, two ideas and a hope: 

1. Firstly one observes that many dotpseudos arise in the BRS cohomology 
of a theory like the SSM, when the auxiliaries have been integrated. 
These dotpseudos bear a close resemblance to the observed particles 
of our world, and generally they mix with the observed particles as 
soon as gauge invariance is spontaneously broken by the VEV of a 
Higgs/Goldstone type multiplet. This mixing gives rise to an algebra 
of the form: 

^brs = <5susy + <5gsb (6) 
linking the dotspseudos with each other. 

2. Then the first idea is to promote these dotpseudos to dotsupers and 
write down an effective theory based on the algebra and properties of 
the dotpseudos. The new algebra is 

^CYBERSUSY = <^SUSY + ^MIX (7) 

3. The second idea is that it is necessary to include a dotspinor mass term 
-4mass m the effective action, because otherwise one has a massless su- 
permultiplet in the theory. Supersymmetry breaking arises from this 
term *4mass in the effective action. When Smix acts on the effective ac- 
tion, there is no local polynomial solution ^4counterterm for the equation: 

^MIX-4.MASS + £>SUSY.4.Counterterm = (8) 

So the term 

*4.Anomaly = ^MIX^MASS (9) 

acts like a supersymmetry anomaly in the theory. The breaking follows 
from the presence of this supersymmetry anomaly, which behaves rather 
like explicit breaking of supersymmetry. 

4. The hope is that no unsolvable problem arises in this scheme. Somehow 
the theory may make sense in spite of the presence of this breaking. One 
concern is whether the anomalies spoil unitarity somehow. This needs 
investigation, of course. 

1.4 Higher spin without gauge invariance? 

Cybersusy and dotsupers suggest that gauge invariance is not the only way 
to deal with vector or higher spin particles. There are 'cluster propagators' 
that are relevant to such particles, and they give rise to another way to treat 
higher spin, without invoking gauge invariance. The cluster propagators 
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mix up several fermions or they mix scalars and vectors in complicated 
ways. Moreover cybersusy appears to generate a way of describing broken 
supersymmetry using these clusters. Examples can be found in [4]. It is 
expected that such cluster propagators exist for higher spins also. 

1.5 A little more about dotsupers and dotpseudos and composite 
operators 

As mentioned above, the following kinds of chiral dotted spinor superfields 
(dotspinors) arise: 

1. Elementary chiral dotted spinor superfields, which are made from ele- 
mentary components. These will be called simply 'dotsupers'. Some- 
times we will call these 'elementary dotsupers' when it is important to 
distinguish them from the composite dotsupers. These were already 
used in the cybersusy papers to write down effective actions. Here we 
shall show how to write down these actions coupled to Yang Mills type 
supersymmetric gauge theory. 

2. Composite chiral dotted spinor superfields made from other superfields 
using the chiral derivatives These will be called 'composite dot- 
supers'. These will be introduced in this paper in section 5.2 . It is 
natural to write these down and to then couple them to elementary dot- 
supers. This results in a coupling between dotsupers and elementary 
chiral matter. 

3. Composite chiral dotted spinor superfields made from the components 
of other superfields and also the Zinn Justin sources and their varia- 
tions. These will be called 'dotpseudos'. 

In the Cybersusy papers we wrote down elementary dotsupers corre- 
sponding to these dotpseudos, and then wrote down actions for the 
dotsupers, using the cybersusy algebra that arose for the dotpseudos 
from the BRS transformations after gauge symmetry breaking. 
As we shall discuss in section 5.2, it does not make sense to couple 
dotpseudos to dotspinors. 

1.6 Contents of this Paper 

This paper is mostly concerned with an easy topic: how to construct cou- 
plings between dotsupers and ordinary chiral matter on the one hand, and 
Yang-Mills type vector gauge supersymmetry on the other hand. 

These Yang-Mills couplings lead naturally to the free equations of motion 
of dotspinors, and also they naturally accomodate the concept of mass for 
dotspinors. 
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One interesting feature we will find is that the actions for dotsupers have 
an amusing way of defining a propagator with a unique mass for each com- 
ponent of the superfield, in spite of the fact that there are multiple factors of 
A = jd a/ jd al3 in the propagator. This is undoubtedly important for cyber- 
susy, since it allows the theory to develop a reasonable spectrum before and 
after supersymmetry breaking. In this context, a conjecture arises relating 
to the distribution of solutions for certain polynomial equations. 

The connection between dotspinors and chiral matter, and the relation 
of this to Cybersusy is still quite obscure. So all we can do here is look 
briefly at the coupling for simple cases. 

An important problem remains unsolved. How can one find a model like 
the SSM which gives rise to the cybersusy algebra for both left and right 
sectors? 

This paper also prepares the ground for the Cybersusy analysis of super- 
symmetry breaking for various higher spin supermultiplets, including the 
baryons, the mesonic hadrons, the gauge bosons and the Higgs particles. 
However, in this introductory paper we shall largely assume that gauge 
symmetry and supersymmetry are unbroken. 

2 Dotsupers Coupled to Supersymmetric Yang Mills 
Gauge Theory 

Many of the dotpseudos that we find in Cybersusy transform under U(l) 
gauge transformations. So far in the papers [1] [2] [3] [4] [5] [6], only free mas- 
sive effective actions have been written down. One takes the algebra from 
the dotpseudos and writes down actions for dotsupers with the same algebra 
to generate these free massive effective actions. 

How can one extend this to an interacting effective action with super- 
symmetry breaking? 

As a first step in this direction, we want to couple dotsupers to a super- 
symmetric gauge theory. 

Actually we can construct invariant actions for dotsupers coupled to any 
compact gauge group, so we will present the more general result here. We 
start with the well-known result for chiral scalar superfields A to establish 
the notation. These results for A can be found in standard works such as 
[7] [8][9][10]. 
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2.1 Chiral Scalar Superfields A Coupled to Gauge Theory 

Suppose that the gauge transformation[7][8][9][10] of A has the form: 

A e ig§ A (10) 

This equation is short for 

A k {e ig§ata ) k l A l (11) 

where we suppose that t™ are hermitian matrices that form a representation 
of some compact group, with commutator 

**A - tb ) ta i = if abcf i (12) 

We also suppose that S a and A 1 are Grassmann even chiral scalar super- 
fields: 

DpS a = DpA 1 = (13) 

So this means that S a is a vector in the adjoint representation of the gauge 
group, and that A 1 is a chiral superfield in the representation of that group 
characterized by t a * . 

The factor e igS looks a bit like a unitary representation. But it is not. S 
is a chiral superfield, which means that it is complex. Even if we restrict 
S — > S = S| to its scalar part, so that there are no complications 

resulting from the superspace components 9 a and 6 a , then this is still not a 
unitary representation. That would require that S a be a real vector S a = S a 
contracted with the hermitian matrices t™. But that is inconsistent with 

the intrinsically complex nature of S a and S a . 

In general for the non-Abelian case we can write the gauge transformation 
in the form: 

e - 9 V ^ e igS e -gV e -igS ^ 

Here V is taken to be the matrix 

V = V a t a ) (15) 

where V is a real superfield: 

ya = (yay _ ^ ° _ ^ 

Note the absence of a factor % in the numerator of the matrix e~ gV in 
(14). The matrix e~ gV is not unitary even though {V a )\ g _^_ = V a is real 

and the matrices are hermitian. However the matrix e~ gV is hermitian 
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(in a sense, if one does not worry too much about the meaning of 9 and 9). 
The inverse matrix is 

e gV ^ e igS e gV e -igS ^ 

Then we have: 

e'^A e^e-^e-^e^A = (V 9 ^i) (18) 
Now the complex conjugate of (10) is 

which we abbreviate to: 

Z T ~Ae- i9 S (20) 

It follows that: 

= ^V 9 (22) 
and so we see that the well known form 

A = -jd*x d*9 jzV^A j (23) 

is invariant under the gauge transformations and that it is also invariant 
under supersymmetry. The component form of the above, in the Wess- 
Zumino gauge, for example, can be obtained by projection in the usual 
way. 

2.2 Chiral Dotted Spinor Superfields Qj^ Coupled to Gauge The- 
ory 

Now we discuss the generalizations of the scalar superfield, starting with 
the chiral dotted spinor superfield . 

Suppose that the gauge transformation of has the form: 

u & e igS u> & (24) 

This equation is short for 

(25) 



We also suppose that S a is a Grassmann even chiral scalar superfield and 
u l & is a Grassmann odd chiral dotted spinor superfield: 

D $ S a = Dp*, = (26) 
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The dotsuper ui 1 ^ is a vector in the representation space characterized by 
the hermitian matrices £ a * just like the scalar superfield was in (10). 
Again, as for the chiral scalar superfield, we have: 

e -^co & e *V 9 V'^e^tk = e i9§ (e"^w 6 ) (27) 
But now we need more indices, so we take 

D^D a e-^u & D0e i9§ e?v e -*SD a e* S e- 9 V e - i9S e i9S u> & (28) 

= e i9§ (p^D^uj^ (29) 

So we see that it is useful to define a covariant double chiral derivative 
of the form 

V ap = D^D a e-^ (30) 
and we note that it tranforms in the simple manner: 

"op e^V a$ e~^ (31) 
The complex conjugate of (25) is 

Vka =► {e- i9t ^\ l ^ la ee (e-^ r * )'^ Q ee w^e-^y k (32) 
which we abbreviate to: 

(^a) T e-^ (33) 



It follows that: 



(£«) T e"^ =► (w a ) T e^e* V* V** (34) 
= (^ a ) T e-^e-^ (35) 



So we see that 



A = j d A x d A 9 |(^ a ) T e - fll> } {D^^^e-^} (36) 

= | d 4 x {tjle-^D^DVe-^CjP} (37) 

= - j d A x d A 6 {w aT e- 9ir V ai) c/} (38) 

is invariant under the gauge transformations. It is also invariant under 
super symmetry. We contracted the indices to form a Lorentz invariant 
here. 

So this is the kinetic action for the dotsuper with one dotted index, 
coupled to a supersymmetric gauge theory. 
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2.3 Dotsupers with any number of indices, coupled to Gauge 
Theory 

It is easy to perform the similar procedure for doubledotsupers. Suppose 
that the gauge transformation is: 

> ei9§A ^ ( 39 ) 

The action is 

A = J d 4 x d 4 6 ($ & ) T e~ 9V V l6l V 5 pA^ (40) 

This is easy to generalize to an arbitrary dotsuper with any number of 
indices. The symmetry A al3 = A^ a means that the choice of distribution of 
the indices for the operators V l6 V$p ( which could be, say, 'Dg^V^) does 
not make any difference to the result. 

The generalization to dotsupers with any number of indices is obvious. 
For bosonic dotsupers we have 

A = Jd'x d*6 ((T'^Ye-^V^ ■ ■■V a2 j 2n A^-^ (41) 

and for fermionic dotsupers we have 

A = /d 1 * AH ((^' -^Te-'X.ft ■ ■ ■ ^.A.y'"*'") (42) 

3 Actions for dotsupers with Masses and Gauge In- 
teractions 

Here we will add mass terms by doubling the number of dotsupers with a 
given spin, and choosing them so that there is a gauge invariant mass term 
available. 

3.1 Action and Mass term for two Scalar Superfields A L , A R 

Suppose that we have two copies of the superfield described in subsection 
2.1, except that they have different quantum numbers: 

A L e i9§L A L (43) 

Ar => e i9§ *A R (44) 

Here we define 

S L = (S«t£)* (45) 

Sr = (S^t (46) 
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and we will need: 

V h = V a ttj (47) 

V R = V a t™ j (48) 

where the two representations are in general different. For example if the 
group is simply U(l), then we would take something like this: 

S L = -qS (49) 

Sr = +qS (50) 

where q is simply a number, so that the two could cancel in a mass term 
as set out below, but if the group is SU(3) and the matrices are the 3x3 
representation of SU(3), we would want one of the representations to be 
a 3 and the other a 3 so that the mass term could be invariant using the 
invariant SU(3) tensor 5*-. 
Then we take the action 

Al = - f d 4 x d A 9 |^Le"^ L i L } (51) 
A R = -J d A x d A 9 |^e-^i R } (52) 

Aiass = - J d A x d 4 9 m {AlMA K } + * (53) 

Here M is an invariant numerical tensor of the gauge group in the following 
sense: 

t a L \M jk + k = (54) 

This action is then invariant under supersymmetry and gauge symmetry. 
For a group like SU(3), if A l h is in the triplet 3 representation, it would 
make more sense to put the indices down for the right parts A iR , which 
would need to be in the 3 representation to form a mass term. 



3.2 Action and Mass term for two Chiral Dotted Spinor Super- 
fields a) Lci ,u) R a, with one spinor index 

Now suppose we have two copies of the superfield described in subsection 
2.2, except that they have different quantum numbers: 

wl« e i9SL u L& (55) 

^«^e% Rtt (56) 
We use Sl, Sr, Vl, and Va just as for the previous subsection. 
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We can define the combinations 

V£ a = We 9 ^D a e" 9% (57) 

and 

As we saw above, these transform under gauge transformations as 
and 

The invariant action is now: 

A = - j d A x d A 9 {ujl a e-^v£ a £ Ld } (61) 

- / d A x d A 9 {t^e-^Vi^} (62) 

- j d 4 x d 2 9 (m 2 u[ $ Mu£) - J d A x d 2 9 {m 2 wl p M^) (63) 

This is still invariant under supersymmetry and under gauge symmetry, 
provided that the mass terms are invariant under the gauge group. In 
detail these terms have the form: 

ti^Mui = ^M^t (64) 

and we require that M is an invariant numerical tensor of the gauge group 
just as for the chiral scalar superfield: 

M tj q k + t a L \M jk = (65) 

3.3 Action and Mass term for two Chiral Dotted Spinor Super- 
fields Aid/3 w ith two spinor indices 

Now for the chiral doubledotsuper superfield we get: 

A = (66) 

/ d 4 x d*9 (tl^e-^Vt^A^ (67) 

+ J d A x d A 9 [X a ,e-^-DtV^A Ra ^ (68) 

(69) 

+ j d A x d 2 9 (m 3 A^ T MA R .^ + j d A x d 2 9 [m^MA^ (70) 
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and this is invariant assuming that the mass matrix is invariant as above 
for the single dotsuper, under the transformations: 

=> e^Au* (71) 

=^ ^'^A^p (72) 

3.4 Action and Mass term for two Chiral Dotted Spinor Super- 
fields w ^h three spinor indices 

Similarly, for the chiral tripledotsuper superfield we get: 

A = (73) 

/ d*x d 4 9 {f^e-^Vi^V^^) (75) 
+ J d 4 x d 2 9 (m 4 ^ T M^ 7 ) + J d 4 x d 2 9 (m 4 Ujf T m^ y ) (76) 



^ =► e**^Wv (77) 



where 

^Ra/3 7 =>• e i35R ^ Ra ^ 7 (78) 

and this is invariant under the gauge transformations and under supersym- 
metry transformations, assuming that the mass matrices are invariant as 
usual. 

4 Equation of Motion of Free Theory 

4.1 Summary of free equations of Motion for the doubledotsuper 

When the gauge coupling is taken to zero the gauge invariant derivative, 
acting on a chiral superfield, reduces to simply: 

So for the doubledotsuper we get: 



4/- 



Ipree — 


(80) 




(81) 




(82) 
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+ J d A x d 2 9 {m 3 A^ T MA K ^ + J d A x d 2 6 (m 3 Al MA Ra( ^j (83) 
and here are two of the equations of motion for this free action: 

_£^_ = tD^d^A^ + m 3 AJA R = (84) 



^ 1—2., , :!l ,,■ 



2 

Acting on (84) with D d^d^ yields 



D*d, s d^A R + m'M 1 A Le(; = (85) 



D 2 d eS d (l 4^- = lD 2 d tS d (j D 2 d« 5 d^A L . $ + m 3 D 2 d eS d (l MA R 5 = (86) 



and multiplying (85) by 2m 3 M yields 



m 3 M— ^ = D d iS d^m 3 MA K + 2m 6 MM T A L ^ = (87) 



and eliminating the common term yields 

^D 2 d e5 d^D 2 d« s d^A L . $ - 2m 6 MM T A Lei = 
and then using (85) and 

=> 2 r>2i _ a a i a n^Ti 13 ^ . 



[D 2 , D 2 ] = -4A + 4L> a J D /3 a, (89) 



we get 

-2(A 3 + m 6 MM T )A L ^ = (90) 

The matrix m 6 MM T is a hermitian positive semidefinite matrix, and it can 
be diagonalized to a set of positive eigenvalues w times m 3 . So this equation 
reduces to a number of copies of the following: 

(A 3 + w 3 m«) A LeC (91) 

which is equivalent to 

(A + wm 2 ) (A 2 - wm 2 A + w 2 m A ) A L ^ = (92) 

Now this is interesting. The factor (A + wm 2 ) is a normal factor for an 
equation of motion with mass ^/wm in the present metric, as shown in [1]. 
The other factor (A 2 — wm 2 A + w 2 m ) has no mass pole for physical values 
of the momentum. 
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2 A + w 2 m 4 = X 2 - wX + w 2 = 



(93) 



(94) 



has solutions 



X 



w + V— 3u> 2 



X = 



—w — 



2 



(95) 
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and clearly all its solutions are complex for any positive value of w. 

So for each eigenvalue of the matrix m 6 MM T there is one and only one 
mass, despite the fact that this equation of motion has A 3 terms in it. 

4.2 Summary of free equations of Motion for Dotsupers for the 
simplest cases, as reviewed above 

The equation of motion for the chiral scalar superfield, using the present 
notation, was discussed in [1], where we saw the equation 



The equation of motion for the dotsuper was also discussed , using the 
present notation, in [1], where we saw the equation 



This was the first example where the equation of motion is higher order 
in A. Here, although the solution of the extra term is not complex, it 
is positive, and no physical set of momenta has a zero for the expression 
(A — wm 2 ). 

As we saw in subsection 4, for the doubledotsuper we get: 




(96) 




(97) 






(99) 



For the chiral tripledotsuper superfield we get 




(100) 




(101) 
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For this equation to behave similarly to the other two, the cubic equation 
(X 3 — X 2 w + Xw 2 — w 3 ) = needs to have no real negative solutions X, 
and indeed this is true. The solutions of the cubic equation 

(X 3 - X 2 w + Xw 2 -w 3 )=0 (102) 



are : 



{{X -> -iw}, {X -> iw},{X -> w}} (103) 

None of these are possible masses, so the threedotsuper behaves like the 
others. 

For the chiral fourdotsuper superfield we get the equation: 

(A 5 + m w w 5 ) u he( . c (104) 

= (A + wm 2 ) (A 4 - A 3 wm 2 (105) 

+A 2 w 2 m 4 - Aw 3 m 6 + w 4 m 8 ) u u ^ = (106) 
and this gives rise to the quartic equation 

(X 4 - X 3 w + X 2 w 2 - Xw 3 + w 4 ) = (107) 



with solutions: 



jjx^ i (l + VE - i\/l0 -2y/£) , (108) 

|x -> i (l + y/E + i\Ao - 2^5) iwj , (109) 

X -> i ^-v^w + w - ^2 (5 + v^v 73 ^ I , (110) 

- VEw + w + ^2 (5 + VK) V^w 2 ^ 1 1 (111) 



None of these solutions are negative and real. So the fourdotsuper behaves 
like the others. Only one solution corresponds to a mass. 



4.3 Summary of free equations of Motion for Dotsupers for the 
general case, with a conjecture 

The generalization is clear. The bosonic dotsupers have actions that are the 
generalization of the action in subsection 3.3, and the fermionic dotsupers 
have actions that are the generalization of the actions in subsections 3.2 
and 3.4. 
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The general free equation of motion for fermionic dotsupers is of the form 
(A M - m M w 2n+2 ) uw-cWi , n = 0, 1, 2, • • • (112) 
and for any n — 0, 1, 2, • • • this can be written 

(A + wm 2 ) 

( A 2n+1 _ A 2n wm 2 + ^ ^ ^ = q ^3) 

The general free equation of motion for bosonic dotsupers is of the form 

( A 2n + 1 + m An + 2 w 2n + ^ A^...^U = 0, 1, 2 • • • (114) 

and for n — 1, 2, • • • this can be written: 

(A + wm 2 ) 

^A 2 " - A 2 "- 1 wm 2 + ■■■ + w 2n m 4n ) A L6ll ... &2n = (115) 

This yields the following polynomial equations for the roots of the second 
factors above: 

PFermi,2n+l = (X 2n+1 - X 2n W + ■■■- UJ 2n+1 ) = 0, 71 = 0, 1 , 2 • • • (116) 

Pbosc,2„ = (X 2n - X 2n - l w + ■■■ + w 2n ) = 0, n = 1, 2 • • • (117) 
and the conjecture is that these polynomial equations -PFermi,2n+i = and 
-pBose,2n = do not have any negative real roots for any of the indicated 
integer value of n. We have proved the conjecture for the Fermi case for 
n=0,l and for the Bose case for n=0,l,2. 

Assuming the conjecture is true in general would imply that for all cases 
of dotsupers with any number of indices, the equation of motion has a 
normal factor (A + wm 2 ) with a mass at \fwm, times a factor with no 
further mass solution for physical values of the momenta. 

If Cybersusy makes any sense, these should all be viable equations of 
motion, with viable propagators, and no serious violation of any physical 
principles. Whether that is true or not remains unclear. If it is true, it is 
an interesting fact in its own right. For some comments on the history of 
equations of motion for higher spin fields, see [11]. 

5 General Remarks 

5.1 The vector boson fields in the dotsupers are not part of 
gauge boson multiplets, although they may be coupled to gauge 
boson multiplets 

Note that there are higher spin fields embedded in these superfields. For 
example Cj^ contains a vector boson field and two spinors and a scalar. 
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The vector boson is not a gauge boson. Does this make physical sense? 
In Cybersusy, after gauge and supersymmetry breaking, this vector boson 
carries lepton number, which is conserved. A gauged vector boson cannot 
carry any conserved quantum number, because if it did, then its gauge 
transformation parameter S in 

V a p - d a$ S + ■ ■ ■ (118) 

would carry the same quantum number, and then e lS would be nonsense, 
since it would carry different quantum numbers in its expansion terms. 
But a vector boson inside a chiral dotted spinor superfield like Cj^ can 
apparently carry a conserved quantum number, because it has no gauge 
transformation. Moreover, the quantum number remains conserved after 
supersymmetry breaking. 

It is important for Cybersusy that things work this way, because Cyber- 
susy needs to account for the lack of observed supersymmetry in the baryons 
and the leptons, and baryon number and lepton number are conserved, and 
there are plenty of vector bosons with baryon number and lepton number 
in Cybersusy. 



5.2 Coupling of Dotsupers to Composite Superfields 

A curious feature emerges early on. Suppose that we start with a model 
with chiral scalar superfields and gauged vector superfields. Suppose that 
we do not start with any chiral dotted spinor superfields. 

As explained in [1] [2] [3] [4] [5] [6], it is natural to put together composite 
chiral dotted spinor superfields in such a theory. These are made from the 
components of the chiral scalar superfields, combined with the Zinn- Justin 
sources for the variations of these components. They act like chiral dotted 
spinor superfields under the action of the BRS transformations. So we called 
them chiral dotted spinor pseudosuperfields, or dotpseudos for short. 

The simplest ones have forms like 

^Pseudoa = /j^Fund id^Fund (H9) 

where 

i Fund (x) = A\y) + Prfoy) + ^6,G\x) (120) 

and 

^ii^) = M + ^ + - ^ W (121) 

The transformation induced by Sbrs is summarized by the following 
equation: &Rs^.F U nd( a; ) = ^ss^Fund^) where the superspace operator is 
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<5ss = C a Q a + C°'Q dl . This relation means that the effect of #brs on this 
particular combination is the same as the effect of the superspace operator 

5ss- The supertranslations are: Q a = — \d a p9 and Q h = — \d$dfi^ ■ 
Would it be sensible to couple independent chiral dotted spinor super- 
fields to these composite chiral dotted spinor superfields in such a theory? 
Does the situation call for the addition of 

J d 4 xrf 2 ^« upcr cu Pscudoci (122) 

to the action? 

The answer here is clearly NO. The reason is that the transformation of 
(^Pseudo q as a chiral superfield uses the transformations of the Zinn Fields 
which arise after the auxiliaries are integrated. However one must not inte- 
grate these before one adds all the fields in the theory. If there are funda- 
mental dotsupers in the theory, they must be coupled before the auxiliaries 
are integrated, not after. 

This is why it is natural to examine the effective action for the cyber- 
susy theory. It makes no sense to couple the resulting composite dotted 
pseudosuperfields to external sources or to fundamental dotsupers. 

On the other hand it is also tempting to examine the theory with funda- 
mental dotsupers coupled to composite dotsupers. These have the form 



where 



or 



J d 4 xd 2 6ul npcI U C om P a (123) 

^Comp a = [%DA } (124) 

WComp a = {%D & %% | (125) 

etc. It is not clear what the relation between such theories and cybersusy is. 
That requires investigation. Note that one can assume that these tensors 
give zero when symmetrized over all their indices: 

t (ij) = (126) 

and 

t (ijk) = (127) 

This arises because, for example, the symmetric part gives rise to 

t {l]k) {XD^ljX)} = 2t^ k) {%%D & %} = l# m D & {%%%} (128) 
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and then we get a triple chiral derivative, which is zero: 

£com P a = D 2 D^t m) {^,4} = (129) 

These bear a close relation to the constraints that one finds in Cyber- 
susy. This requires further investigation. How does one relate Cybersusy 
to actions of this kind? 

5.3 Generalized Cybersusy Algebra and some Guesses 

The introductory papers for Cybersusy [1] [2] [3] [4] [5] contain one repeated 
error, which was mentioned in [6]. The problem is that under weak SU(2) 
for the SSM, the leptons and quarks are right handed chiral superfield sin- 
glets, and left handed chiral superfield doublets. Combining this with the 
structure of the Higgs/Goldstone fields for the SSM, one can see that the 
right handed composite fields for the leptons have the form in equation 
(119), and the left handed composite fields for the leptons have the form 

^Pscudod = /jfeV'Fund id^Pund^Pund (130) 

For the specific case of that model one can vary the latter expression, after 
gauge symmetry breaking, to the following form: 

^Pscudo d = ^Fund *d (fU 171 ^ + ^Rmd)("M> fc + i Fund ) - TR 2 f) (131) 

and this form does not generate the term <^L,Mix which gives rise to left 
cybersusy. This problem can be expected to extend to the baryons and 
other particles in those papers. 

Leaving the specific details of the SSM, and considering more general 
models of the same kind, we shall now discuss the general issues relating to 
left and right cybersusy. 

In general one might expect to get the following algebra: 

5L,Mix^L(di-d 2 „+i) = fL,n,jC(ai A La 2 -a2n+i) ( 132 ) 
*L,Mix^L(di-da„) = & L,n,j C '("i^Ld2-d2„) ( 133 ) 

Nilpotence conditions on the coefficients arise from the following. 
Firstly: 

^L,Mix^L(di-d2„+i) = fL,njK,n,kC(aiCa 2 &La 3 ---a 2n +i) = ® (134) 

This is satisfied if 

flnA,n,k = (135) 
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Secondly: 

^L,Mix^L(di-d 2 „) = ^\,,n,jfi,n-l,k^(a 1 Ca 2 ^l J a T --a2n) = ® (136) 

This is satisfied if 

W£n-i,* = (137) 
Building up from the bottom, we get: 

floA,o,k = (138) 

blijUk = (139) 

ftiA,i,k = (140) 

= (141) 

(142) 

This series can end at any point, with 

fl nJ = for n > ^ (143) 

and 

bl NLyJ = for n > N hL (144) 

for any integers N iL > and N hL > 0. 

This algebra can arise independently for the left dotsupers or the right 
dotsupers or both. In [1][2][3][4][5], we saw a number of examples of this 
situation for the baryons for example, where the indices above turn out to 
be combinations of multiple weak isospin, and quark colour indices. 

Then it is natural to make the following guesses, which are a simple 
generalization of the results for dotspinors with one spinor index discussed 
in [1] [2] [3] [4] [5] [6]: 

1. For any of these left algebras there is a left kinetic action such that 

^CYBERSUSY^L, Kinetic = (^SUSY + ^L,Mix} ^L, Kinetic = (145) 

2. For the left algebra we find that the mass terms, which are invariant 
under SUSY: 

^SUSvAlass = (146) 
are not invariant under #L,Mix : 

^L.Mix^Mass = Ah ,Anomaly (147) 

3. Furthermore, although the terms »4.L,Anomaiy satisfy: 

£susy-4.l 

, Anomaly 

(148) 
there is no local expression »4.L,Counterterm such that 

«^L,Anomaly = ^SUSY^L.Counterterm (149) 
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4. This whole system can be repeated for the right algebra with L =>- R. 
The left and right algebras may be quite different in detail. For the 
SSM they are in fact very different, and the left algebra appears to be 
trivial, while the right algebra is non-trivial. 

5. Any such system generates a spectrum of SUSY breaking when we 
include the mass terms. Different versions of the SSM generate different 
spectra. 

6. The simplest SSM, for the leptons, generates only the right Mixing, 
and it is not consistent with experiment-a paper on this topic is in 
preparation. 

7. If we could find a version of the SSM that generates both left and right 
mixing for the leptons, it might be consistent with experimental results 
for the leptons, as far as they are presently known. 

5.4 Conclusion 

In this paper we have exhibited actions for these higher spin chiral dot- 
ted spinor superfields. The actions are invariant under supersymmetry and 
gauge invariance. We have also seen that the free theories do have a con- 
ventional interpretation in terms of particles and masses, even though the 
equations of motion contain powers of the D'Alembertian operator A. 

A natural future step is to finish the classification of the composite su- 
perfields in the SSM, and show that the Cybersusy mechanism applies to 
all or most of the observable particles. This work is well under way, but it 
is complicated and lengthy. It appears that most or all observed particles 
participate in Cybersusy. Later these dotted chiral spinor superfields need 
to be analyzed for the supersymmetry breaking spectrum by writing down 
and diagonalizing the quadratic actions that result from Cybersusy. 

However this program is not very important unless one can find a varia- 
tion of the SSM which is consistent with experiment for the leptons. This 
probably means that the model must have left and right operators <5L,Mix 
and (5R,Mix for the leptons. 

Another line of inquiry is to determine how to make Cybersusy a unitary 
theory, in spite of the presence of supersymmetry anomalies. This is con- 
nected with the issue of the calculation of decay amplitudes for the particles 
in the broken supersymmetry multiplets. The coupling to the gauge theory, 
and the coupling to composite dotspinors made from chiral scalar super- 
fields, as set out in this paper, are preliminary steps for the examination of 
these problems. 
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